Study Design. Clinical, radiological, and genetic determination of zygosity of twin pairs from the Danish Twin Registry who self-reported having adolescent idiopathic scoliosis (AIS). Objective. To establish concordance rates of AIS. Summary of Background Data. The etiology of and the true mode of inheritance of AIS remain unclear. Studies on concordance in twin pairs provide a basis for analyzing the influence of genetic versus environmental factors. In 2007, using self-report of AIS from the Danish Twin Registry, concordance rates of 0.13 in monozygotic twins and 0.00 in dizygotic twins were reported. Methods. All 46,418 twins registered in the Danish Twin Registry born from 1931 to 1982 were sent a survey, which included questions about scoliosis. The survey was returned by 34,944 individuals (75.3%) representing 23,204 pairs. From the present study, 548 individuals representing 274 complete twin pairs in which at least one twin selfreported having scoliosis were invited to a clinical and radiological examination. Zygosity was established by genetic testing. Results. A total of 182 individuals (33.2%) of the original cohort agreed to participate, 128 of whom had scoliosis by selfreport. There were 91 twin pairs, in which one or both twins had reported scoliosis and 36 individuals whose twin did not want to participate. Only 35 (27%) of the 128 participants with self-reported scoliosis had a clinically and radiologically confirmed curve. Calculating concordance in twins with Cobb angles greater than 108, we found that the pairwise concordance rate was 0.4 (0.10-0.70) for monozygotic and 0.05 (À0.05-0.15) for dizygotic twins, P ¼ 0.05, probandwise concordance was 0.45 (0.16-0.74) for monozygotic and 0.1 (À0.03-0.23) for dizygotic pairs. Conclusion. Concordance rates in a Danish twin population using genetic testing for zygosity are higher than previously reported using self-report. Although not statistically significant, the differences in monozygotic and dizygotic pairs indicate that genetic factors may be of importance for scoliosis.
T he etiology of adolescent idiopathic scoliosis (AIS) remains unclear and the true mode of inheritance has yet to be established. [1] [2] [3] [4] [5] [6] [7] Whether genetic factors play a large role still remains to be completely elucidated. Two studies strongly support that genetic factors may be of importance: Wynne-Davies 8 examined 180 patients with AIS and in 25% found that other members in the family were affected. Riseborough and Wynne-Davies 9 found rates of affected first-, second-, and third-degree relatives of 11.1%, 2.4%, and 1.4%, respectively, which supports a multifactorial inheritance.
Twin studies offer an opportunity to determine the contribution of genetics to a disease, because the potentially confounding effect of shared environmental factors is significantly reduced. Monozygotic twins share 100% of their genes, dizygotic twins, on average, share 50% of their genes. A higher concordance rate for monozygotic compared to dizygotic twins indicates a genetic origin to a disease. A concordance rate below 100% or 1.0 in monozygotic twins indicates that environmental factors also contribute to the etiology.
Data published in 2007 from the Danish Twin Registry (DTR) 10 and later from the Swedish Twin Registry 11 reported concordance rates as low as 0.11 for monozygotic and zero for dizygotic twin pairs. This is in contrast to studies by Kesling and Reinker 12 and Inoue et al 13 who reported concordance rates of idiopathic scoliosis in monozygotic twins between 0.73 and 0.92 and between 0.36 and 0.63 in dizygotic twins.
The results from the DTR have been questioned, as the data were solely based on self-reported scoliosis. The purpose of the present study was to validate the previous published concordance rates from the DTR by confirming the diagnosis of scoliosis based on physical examination and radiography and confirming zygosity by genetic testing.
MATERIALS AND METHODS

The Danish Twin Registry
The DTR is considered to be one of the most comprehensive registries of twins in the world, with approximately 88,000 registered pairs born during 140 years between 1870 and 2009. 14 The establishment of zygosity in the DTR is based on a validated method consisting of four questions of similarity. This method establishes the zygosity with an accuracy of more than 95%.
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Material
Twins born from 1931 to 1982 and registered with the DTR, and who had earlier accepted to take part in research, were sent a questionnaire concerning diseases and health status in the spring of 2002. The Omnibus questionnaire consisted of more than 100 questions, including three scoliosis-specific questions: ''Have you been diagnosed with scoliosis by a doctor?,'' ''Has your spine been examined with x-rays?,'' and ''At what age where you diagnosed with scoliosis?'' Details of this cohort and the questionnaires have been published previously. 10 To identify the twins most likely to have AIS, we eliminated twins who stated they had been diagnosed with scoliosis before the age of 10 years, and thus excluding patients with infantile or juvenile idiopathic scoliosis or with congenital scoliosis. Furthermore, we eliminated those older than 50 years at the time of diagnosis, to exclude patients who suffered from a de novo scoliosis presenting in the sixth decade. 20 Only complete pairs of twins in which one or both were considered to have AIS were invited to participate in the present study during spring and autumn 2012. The patients were contacted by mail, and invited to participate in the study. Nonresponders were contacted again by mail, 2 months after the initial invitation. The patients had the possibility to participate in the study at 10 different locations in Denmark, maximum 100 km away from their home address. The patients were offered compensation of their travel expenses, according to the National Regulations from the Local Ethical Committee of Southern Denmark. The twins participating in the present study, receive two questionnaires before their clinical examination, a Danish version of SF-36 21 and SRS-22R. 22 All patients were invited to participate in a clinical examination and a full-length standing posteroanterior radiological examination. In order to minimize radiation exposure to the participants, lateral radiographs were not included in the study. Radiographs were taken only in subjects who had a positive Adams forward bending test, 23 with scoliometry greater than 28. 24 The scoliometry testing was not adjusted for body mass index/weight. Any leg discrepancy present was adjusted during the clinical examination before the Adams forward bending test being performed. Scoliosis in the present study was defined as a coronal Cobb angle exceeding 108 measured on the posteroanterior radiograph, with rotation of the vertebrae present at the apex of the curve. The radiographs were examined by two independent investigators, and Cobb angel measurements were performed using the software Easyvix, Medical Insight, Version 6.0.2.525. All curves were classified according to the King-Moe classification system, 25 and all patients with degenerative scoliosis were not included in the AIS cohort. Because lateral radiographs were not obtained, classification according to the Lenke Classifications System 26, 27 was not possible. Venous blood samples 10 mL were collected during the clinical examination, and the genetic examinations were performed in collaboration with Wilhelm Johannsen Centre for Functional Genome Research Department of Cellular and Molecular Medicine, University of Copenhagen.
Zygosity was determined by using the genetic markers D1S1723, D2S2208, D4S2960, D5S408, D8S1731, D10S211, D11S914, D14S80, D15S993, D19S425, and D21S1890. The marker sequence was amplified by polymerase chain reaction (PCR) and labeled using a fluorescent dye on one of the primers. The PCR fragments were separated by capillary electrophoresis using a 3130XL Genetic Analyzer (Life Technologies, Gent, Belgium). Sizes of the PCR fragments were determined using an internal size standard.
Statistical Analysis
The pairwise and probandwise concordance and 95% confidence intervals (95% CI) were estimated as described earlier. 28, 29 The pairwise concordance estimates the probability that both twins are affected in a pair in which at least one is affected, whereas the probandwise concordance estimates the probability that a twin will be affected given that the other twin is. For comparison of pairwise concordance the chi-squared test was used.
RESULTS
Of the 46,418 subjects in the twin registry who were sent questionnaires, 34,944 (75.3%) returned the questionnaire representing 23,204 pairs. Five hundred forty-eight individuals self-reported having scoliosis, representing 274 complete twin pairs in which at least one twin was affected. Of these 548 individuals invited to a clinical and radiological examination, 227 (41.4%) agreed to participate in the study and 128 of these individuals had self-reported scoliosis. Eighty-six (15.7 %) did not wish to participate, due to the inconvenience, and 13 (2.4%) were unable to participate due to chronic illness, post-traumatic The total number of participants consisted of 91 twin pairs, where one or both twins had scoliosis and 45 individuals, without a twin participating in the present study. Thirty-five individuals (27.3%) of the 128 participants with self-reported scoliosis had a clinically and radiologically confirmed scoliosis curve. The 35 individuals include 5 twin pairs (4 monozygotic pairs and 1 dizygotic pair) with scoliosis in both twins, 16 twin pairs with scoliosis in only one twin, and 9 individuals in which only one twin participated. The 35 twins with scoliosis were 30 women and 5 men, with a mean age of 54.6 years (36-71 yr). Mean Cobb angle was 298 (108-538). See Table 1 for Curve type, Cobb, age at diagnosis, treatment, and zygosity.
The SF-36 scores and SRS-22R scores are not reported in the present study, due to the low number of twins with scoliosis.
Calculating concordance in twins with curves greater than 108, we found that the pairwise concordance rate was 0.4 (95% CI 0.10-0.70) for monozygotic and 0.05 (95% CI À0.05-0.15) for dizygotic twin pairs, P ¼ 0.05, probandwise concordance was 0.45 (95% CI 0.16-0.74) for monozygotic and 0.1 (95% CI À0.03-0.23) for dizygotic pairs. 
DISCUSSION
It is generally accepted that both hereditary and environmental factors play a major role in the etiology of idiopathic scoliosis. Twin studies are useful to distinguish between environmental and hereditary factors. In order to present valid data, it is of utmost importance that both the diagnosis of scoliosis and the zygosity of the twins are established accurately. Almost all twin studies evaluating AIS have been survey based and thus relied on self-report. This is the first population-based twin study in which the diagnosis of scoliosis was confirmed with physical examination and radiographs and zygosity was verified by genetic testing. Previous studies from DTR have reported high participating rates, from the twins in the registry. We were surprised to discover a 40 % nonresponder rate in our study. The Omnibus questionnaire, distributed to the members of the DTR in 2002, consisted of 100 different questions, and formed the basis for several clinical studies the last 10 years. It is possible that the high number of clinical studies, following the questionnaire, has exhausted the twins. Another explanation could be, the lack of symptoms related to mild form of scoliosis, making a clinical examination irrelevant to the twins.
Previous reported concordance rates of 0.13 for monozygotic and zero for dizygotic twin pairs from the DTR 10 have been questioned when it was published in 2007, mainly due to the fact that they were based on self-reported deformity.
The Swedish Twin Registry 11 published data in 2012, in which they were able to validate the diagnosis of approximately 6% of the twins in the National Patient Register. They reported concordances for self-assessed scoliosis in parity with the Danish results.
The limitations of both Scandinavian studies are the use of self-assessment data, and accordingly, the lack of information on type and degree of scoliosis. In addition, the establishment of zygosity was based mainly on intrasimilarity questions during childhood and not on any genetic testing.
The low correlation between self-reported scoliosis and radiological verified scoliosis was a surprise to the authors of the study. All twins were interviewed, and asked when the diagnosis of scoliosis was first mentioned in their life. A majority of the twins with self-reported scoliosis and normal spines on radiographs were diagnosed during treatment for low back pain.
Before the two publications from the Danish and Swedish Twin Registries, previous studies have been based on smaller clinical or case series of twin pairs, showing higher pairwise concordances for monozygotic (0.76-0.92) compared to dizygotic twins (0.36-0.63), and thus indicating a strong genetic effect. 12, 13 The problem with clinically based twin cohorts and case reports is the incomplete and biased ascertainment. Both tend to over-represent concordant and monozygotic twin pairs 23 and clinically based studies often oversamples pairs with more serious disease.
The results from the present population-based twin study indicate a genetic component that is stronger than that in previously published Scandinavian studies. In contrast the results also indicate a greater element of environmental factors on variation in a trait than indicated by Kesling and Reinker 12 and Inoue et al 13 in their published case series. Unfortunately, we have not been able make heritability estimates in this cohort due to the relatively small sample size.
CONCLUSION
As only 27% of subjects stating they had scoliosis had a clinically and radiographically confirmed scoliosis, selfreported scoliosis may not be a valid method to establish prevalence of scoliosis or true concordance rates. Because twins are comparable to the general population in most phenotypes except for those related to fetal life and birth this finding is likely to hold true for the background population as well.
Concordance rates in a Danish twin population are higher than that previously reported. Although it is not statistically significant, the differences in monozygotic and dizygotic pairs indicate that genetic factors may be of importance for scoliosis. Self-reported scoliosis may not be a valid diagnostic tool and should not be used for scoliosis research. Epidemiological research on scoliosis based on self-report will need to be supplemented by imaging data, patient charts, or clinical investigation.
Key Points
The etiology of AIS remains unclear. Twin studies offer an opportunity to determine the contribution of genetics to a disease. A higher concordance rate for monozygotic compared to dizygotic twins indicates a genetic origin to a disease.
